Aim: Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are biomarkers for disease development, for whom little is known about causes of variation in the general population. Materials & methods: We estimated the heritability of PLR and NLR and examined their association with gender, demographic, lifestyle and environmental factors in a Dutch nonpatient twin family population (n = 8108). Results: Heritability was estimated at 64% for PLR and 36% for NLR. Men had on average higher NLR, but lower PLR levels than women. PLR and NLR increased significantly with age, decreased in colder months and showed small but significant sex-and age-specific associations with body composition and smoking. Conclusion: NLR and PLR levels are heritable and influenced by age, sex and environmental factors, such as seasonal conditions and lifestyle.
Hematological biomarkers in peripheral blood are indicators of physiological function and their levels may direct clinical decisions regarding disease status and treatment of patients. The two largest sets of immune cells, as reported in clinical hematological profiles, are neutrophils and lymphocytes. While both cell types play a key role in human inflammation and disease response, recent clinical studies suggest that their ratio may serve as a useful biomarker of disease. The neutrophilto-lymphocyte ratio (NLR) has prognostic value for cancer progression [1, 2] , inflammatory disease [3, 4] and cardio vascular disease [5] . A second hematological ratio of interest is the platelet-to-lymphocyte ratio (PLR), which has also been related to cancer progression [6] , cardiovascular disease and inflammation [7] .
To understand the role of NLR and PLR in disease processes, it is important to gain insight into the degree of variation in these ratios within nonpatient populations and the extent to which variation is due to genetic and nongenetic causes. Normal variation in immune function may be due to inherent factors such as age, sex and genetic constitution, environmental factors such as season, and lifestyle factors such as smoking and diet. To date, few studies examined the factors influencing the variation of NLR and PLR in nonpatient populations and most of those focused on NLR. Sex and age effects on NLR in the general population were examined in two studies [8, 9] , with similar results. No evidence was seen for sex differences in NLR but NLR did increase with increasing age. Li et al. [9] suggested that this age-related increase may reflect a higher prevalence of, often undetected, chronic infectious disease and cancer development in the older population. Genetic epidemiological studies of NLR and PLR are, to the best of our knowledge, lacking. However, genetic factors have been shown to contribute substantially to the pheno typic variation in neutrophil, lymphocyte and platelet counts, with heritability esti-Causes of variation in the neutrophil-lymphocyte and platelet-lymphocyte ratios: a twin-family study future science group Research Article Lin, Hottenga, Abdellaoui et al. mates of 67, 48-71% and 57-86%, respectively [10] [11] [12] [13] . In addition to the contribution of inherent factors to variation among individuals, immune function may also be influenced by external factors. Seasonality is thought to be an important source of variation in the hematological profile [14] . Lymphocyte subset counts as well as platelet levels have been found to be lower in the summer season [15, 16] and month-to-month changes in leukocyte and platelet levels were observed in a study of trained and untrained men [17] . Buckley et al. [16] estimated that seasonal factors accounted for 2% of the overall variation in platelet count, but not all studies show evidence for seasonal effects on platelet count [18] . Lifestyle may also contribute to variation in immunological function. Positive associations between BMI and NLR were observed in two nonpatient populations [8, 9] , but a third study did not find BMI to be related to NLR nor to PLR [19] . With respect to their subcomponents, larger waist circumference has been related to higher levels of lymphocytes, neutrophils and platelets [20] , and these cell counts were also increased in obese women compared with nonobese women [21, 22] . Smoking has also been related to increased NLR in two studies in the general population [8, 23] and to increased neutrophil [23] and lymphocyte counts [24] . PLR, however, was not related to smoking [23] in the general population, and neither was platelet count in this study. Lack of evidence for an association between platelet count and smoking has been reported more often [25, 26] , though lower platelet levels in smokers have also been observed [27, 28] .
The present study analyzed data collected in over 8000 adult participants from The Netherlands Twin Register, including adult twins and their family members, who were very well characterized with respect to demographic and lifestyle traits and for whom information on date and time of blood sampling was available. Also, the study collected blood samples in women at a fixed moment of the menstrual cycle. We have two aims. Firstly, to estimate the contribution of the genome (heritability) and of nongenetic factors to variation in NLR and PLR and their subcomponents. Secondly, to further study nongenetic factors by examining the associations of the two ratios with age, sex, weather conditions at the day of sampling, CRP and IL6 levels as indicators of inflammation, and the influence of smoking behavior and BMI, although it should be recognized that some of these traits, like BMI or smoking, are themselves influenced by genes.
Materials & methods

Participants
Data for the present study came from participants in The Netherlands Twin Register Biobank pro jects, which took place between 2004 and 2008, and in 2011 [29] [30] [31] . After excluding outliers (i.e., absolute values exceeding mean ± 5 × standard deviation [SD]), NLR and PLR data were available for 9434 participants, clustered in 3411 families. In a next step, data were excluded in case of: illness in the week prior to blood sampling (n = 539); CRP ≥ 15 (n = 287); basophile count >0.02 × 10 9 /L (n = 151); blood related disease or cancer (n = 83); and use of anti-inflammatory medication (n = 437); glucocorticoids (n = 143) or iron supplements (n = 28). This resulted in data for 8108 participants from 3411 families. The study protocol was approved by the Medical Ethics Committee of the VU University Medical Center Amsterdam (The Netherlands), and all participants provided informed consent.
General biobank procedure
Participants were visited at home, or in some cases at work, between 7 and 10:00 a.m. They were instructed to fast overnight and to refrain from smoking, heavy physical exertion and from medication use if possible in the morning prior to the visit. Fertile women without hormonal birth control were, if possible, seen on the 2nd to the 4th day of the menstrual cycle and women taking hormonal birth control were visited in their pill-free week. During the home visit, a brief interview was conducted concerning general health status, any chronic diseases, medication use and smoking history. Measures of height, weight, waist circumference and hip circumference were obtained. Peripheral venous blood samples were drawn by safety-lock butterfly needles in EDTA, lithium and sodium heparin, CTAD and PAX tubes. Immediately after blood collection, tubes were inverted several times to prevent clotting and subjected to initial processing in a mobile laboratory. Within 3-6 h after the blood draw all samples were transported to the laboratory facility in Leiden, The Netherlands (for details see [30, 31] ).
Blood parameters
Hematological profile
The 2 ml EDTA tubes were transported at room temperature to the laboratory, where the hematological profile was obtained using the Coulter system (Coulter Corporation, FL, USA). The profile consisted of total white blood cell count, percentages and numbers of neutrophils, lymphocytes, monocytes, eosinophils and basophils, red blood cell count, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, red cell distribution width, platelet count and mean platelet volume.
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Causes of variation in the NLR and PLR Research Article NLR & PLR levels NLR was calculated as absolute neutrophil count (10 9 /L) divided by absolute lymphocyte count (10 9 /L), and PLR was calculated as absolute platelet count (10 9 /L) divided by absolute lymphocyte count (10 9 /L).
CRP level
Plasma heparin was collected from a 9 ml heparin blood tube that was transported in melting ice to the laboratory. The plasma subsamples were snap-frozen and stored at -30°C. One heparin plasma subsample was used to determine CRP by the 1000 CRP assay (Diagnostic Product Corporation, CA, USA) [32] .
IL6
EDTA plasma was obtained from the 9 ml EDTA tubes, which were stored in melting ice during transport. Upon arrival at the laboratory, the tubes were centrifuged for 20 min at 2000 × g at 4°C, and the plasma subsamples were snap-frozen and stored at -30°C. IL6 level was subsequently measured in one EDTA plasma subsample using the Quantikine Elisa Human IL-6 sR assay of R&D systems. Data were made missing if they exceeded mean ± 5 × SD (1.02% in total sample size) [33] .
Health status, seasonal effects, BMI and smoking behavior
Health status
Participants were asked to report any chronic diseases and when they were last ill (i.e., less than 1 week ago, less than 1 month ago or more than 1 month ago). For any medication use, the dosage, brand and name were recorded. BMI BMI was calculated as weight (kg) divided by height squared (m 2 ).
Smoking behavior
Participants indicated whether they currently smoked or ever had smoked. If so, they were asked to provide information on the number of cigarettes smoked and how long they (had) smoked. Based on this information, participants were divided into five categories: nonsmoker, ex-smoker, light smoker (currently smoking less than ten cigarettes a day), average smoker (currently smoking 10-19 cigarettes a day) and heavy smoker (currently smoking 20 or more cigarettes a day).
Seasonal effects
The information on daily weather conditions was obtained from the website of the Royal Netherlands Meteorological Institute. We analyzed the daily data on temperature, wind speed, mean sea level, sunshine duration, global radiation and mean relative atmospheric humidity and potential evapotranspiration [34] .
Analyses
For NLR and PLR, the contribution of genetic factors (heritability) was estimated based on the resemblance between relatives including mono-and dizygotic twins. First, we summarized familial resemblance with respect to NLR and PLR, corrected for age, sex and age × sex effects, by means of correlations. Next, genetic and nongenetic variance components were estimated by raw-data maximum likelihood in OpenMx [35] . The total variance in each phenotype was decomposed into four sources of variation: additive genetic (A), non additive genetic or dominance (D), common environmental (C) and unique environmental (E) variation. Common environmental variance was considered as the variance shared between siblings and twins (V s ) who grow up in the same family. The resemblance among family members was modeled as a function of A, D and C, making use of well-established genetic relatedness among family members. As monozygotic (MZ) twins derive from a single fertilized egg (zygote), they share approximately 100% of their genetic material, and consequently share all genetic (additive and dominance) variance. Dizygotic (DZ) twins, like full siblings, derive from two zygotes and share on average 50% of their segregating genes. Consequently, they share 50% of additive (V A ) and 25% of dominance genetic variance (V D ) [36] . Parents and offspring share exactly half of their genetic material, and share 50% of V A , but no V D . Our model allowed siblings and twins to share variance attributable to shared environment (V S ). Unshared influences (environmental, measurement error and personal mutations; V E ) contribute to total variance, but not to familial resemblance. We allowed for a correlation in phenotype between spouses (μ). Genetic analyses were done in twin families with at most one twin pair per family, and two brothers and two sisters, father and mother. The sample of 3251 families included 7481 participants (238 MZM, 99 DZM, 530 MZF, 215 DZF and 221 DOS complete twin pairs). Nested sub-models were compared with the full model by log-likelihood ratio test (-2LL), at a significance level of 0.05.
The association of NLR and PLR with IL6 and CRP was quantified by Pearson correlations in sex and age-corrected data. To test the effect of sex, we performed a t-test with sex as the independent factor on age-corrected NLR and PLR. The effects of age, temperature, smoking and BMI on NLR and PLR were tested by linear regression in STATA [37] , future science group Research Article Lin, Hottenga, Abdellaoui et al.
separately for men and women. All analyses were corrected for familial clustering using the option of robust cluster. All beta values presented below represent raw values and are evaluated at a significance level of 0.05.
Results
We carried out a series of analyses of the twin family data to gain insight into the heritability of PLR and NLR and their association with demographic factors, indicators of inflammation, seasonal conditions and lifestyle. Table 1 provides the descriptive statistics for NLR and PLR, their subcomponents neutrophil, lympho cyte and platelet count, and CRP and IL6 levels, separately for men and women. Table 2 contains the familial correlations for NLR and PLR. We found that the NLR and PLR familial correlations did not depend on sex (i.e., correlations in MZ males and MZ female twin pairs were equal, as were the correlations for male and female first-degree relatives; p = 0.23). For NLR, the MZ correlation was 0.36 (95% CI: 0.30-0.42) and the DZ correlation was 0.19 (0.16-0.22), which indicates an additive genetic model. For PLR, the MZ correlation was 0.64 (0.60-0.68), but the DZ correlation was at 0.24 (0.21-0.27) less than half the MZ correlation, suggesting the presence of nonadditive genetic effects. Spousal corre lations were significant at 0.14 (0.07-0.21) for NLR and 0.17 (0.10-0.23) for PLR. The most parsi monious genetic models showed no evidence for common environmental influences on NLR (p = 0.47) and PLR (p = 0.99). The narrow sense heritability (proportion of total variance explained by additive genetic factors) of NLR was estimated at 35.8%, with no evidence for nonadditive effects. For PLR, the narrow sense heritability was 38.3%, with nonadditive effects accounting for an additional 25.9% of the total variance. The broad sense heritability for PLR was thus 64.2%. The remainder of the variance (64.2% in NLR and 35.8% in PLR) was explained by environmental factors. We also estimated the heritability for the three subcomponents of the ratios. The broad-sense heritability for neutrophil count was estimated at 41.1% (no nonadditive effects), for lympho cyte at 57.6% (22.4% due to nonadditive effects), and for platelet numbers at 70.5% (with 21.9% due to nonadditive effects). There was no evidence for common environmental effects for neutrophil count (p = 0.87), platelet count (p = 0.32) and lymphocyte count (p = 0.99).
For age-and sex-corrected values, the correlation between NLR and PLR was 0.49 (p < 0.001). We further determined the correlation of the two ratios with two established markers of inflammation, namely CRP and IL6. PLR correlated neither with CRP nor with IL6 (p > 0.05), but NLR correlated significantly with CRP (0.15; p < 0.001) and with IL6 (0.08; p < 0.001). NLR and PLR levels were affected by both sex and age. For age-corrected values, men had higher mean NLR levels than women (men, Mean NLR = 1.667; SE NLR = 0.012; women, Mean NLR = 1.626; SE NLR = 0.010; t[8106] = 2.2602; p = 0.009) and lower PLR levels than women (men, Mean PLR = 116.944; SE PLR = 0.753; women, Mean PLR = 125.156; SE PLR = 0.587; t[8106] = 20.073; p < 0.001). NLR increased with age in men but not in women ( Table 3 , 'Model 1'), while PLR increased with age in both men and women (see Table 3 , 'Model 1'). The sample size for CRP: n = 3045 for men, n = 4980 for women; IL6: n = 2929 for men, n = 4867 for women. NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio.
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Next, we explored the influence of seasonal conditions on variation in the ratios. Figure 1 illustrates the association between daily temperature and agecorrected NLR and PLR for men and women. To avoid outliers due to periods with very few observations, we restricted the entries in the graph to the months with more than 75 data points between August 2004 and December 2007. We note a similar pattern for NLR and PLR from year to year: Overall, NLR and PLR ratios increase with decreasing temperature. This pattern seems more evident in the female group than in the male group. To formally test for the effect of temperature, we included this variable in a regression analysis conducted separately by sex and taking age into account. The results, shown in Table 3 (Model 2), demon strate that both NLR and PLR are negatively significantly associated with daily temperature in women, but not in men. There was no evidence for significant age x temperature interactions for NLR and PLR.
We also explored the associations of NLR and PLR levels with the other weather-related information available. Although sunshine duration, global radiation, atmospheric humidity and evapotranspiration were related to NLR and PLR, these associations were rendered insignificant by the addition of temperature. One exception was the effect of global radiation on NLR: as the daily global radiation level increased, NLR levels decreased (β = 2.01E-5; p < 0.001). Table 4 includes the average NLR and PLR values as a function of smoking, BMI and sex, while Table 3 includes the results of the linear regression modeling (see 'Model 3' in Table 3 ). Smoking was not significantly associated with NLR in either men or women. BMI was not associated with NLR in men, but it was related to NLR in women. In women, NLR increased with increasing BMI and there was a significant age × BMI interaction, due to an alleviation of the BMI association with increased age. PLR was more strongly affected by smoking and BMI. In women, there was a significant BMI main effect as well as an age × BMI interaction: the positive association was reduced at older age. Though we had limited numbers of participants at older ages, an exploration of the data seems to suggest the direction of event may be even reversed at old age. A similar pattern, though less strong, was seen for the men. Unexpectedly, smoking was associated with a decrease in PLR in both men and women, while age × smoking interaction effects were not present. To explore the mechanisms underlying the association with smoking, we also examined the relation between the subcomponents and smoking. Smoking was related to an increase in neutrophils (β = 0.305; p < 0.001) and lymphocytes (β = 0.260; p < 0.001), but had no significant effect on platelets (β = 0.017; p = 0.133). There was no evidence for smoking × age interactions for the subcomponents.
The full model ( Table 3 , 'Model 3') including age, temperature, BMI, smoking and their interactions with age, explained about 6% of the variance in PLR in both men and women. In men, this model also explained around 6% of the variance for NLR, but in women only 1.6% of the variance in NLR was explained by the factors included in the model.
Discussion
The current study examined causes of variation in NLR and PLR to provide an insight into individual differences in these biomarkers in the nonpatient population. We examined the effects of genetics, demographics, seasonal conditions and lifestyle and described for the first time the importance of genetic factors for variation in PLR and NLR. Especially PLR is influenced to a large extent (64%) by additive and nonadditive genetic influences. This high heritability is in accordance with the heritability estimates reported for the individual platelets and lymphocytes components, which ranged from 48 to 86% in previous studies [10] [11] [12] [13] and which we here estimated to be 71% for platelets and 58% for lymphocytes. Genetic factors also explain the variation in NLR with heritability estimated at 36%. A lower herita bility was also observed for neutrophil count (38%). The genetic architecture underlying NLR and PLR was similar in men and women. Also, there were no differences between the generations in the genetic archi tecture of NLR and PLR as indicated by similar correlations for parents and offspring as for siblings. Our data showed significant spousal associations, which is in line with previous reports of assortative mating for immune parameters [38] but may also reflect a shared spousal environment leading to a similar immune response.
In addition to being significantly influenced by our genome, normal variation in NLR and PLR lev- Table 3 . Results of the linear regression modeling for neutrophil-lymphocyte ratio and platelet-lymphocyte ratio, separate for men and women. els is also explained by differences in gender, age, and environ mental and lifestyle traits. There were sex differences in mean levels, with higher NLR and lower PLR in men compared with women, and an older age was related to an increase in PLR and, to a lesser extent, to an increase in NLR. As suggested by Li et al. [9] , the age effect could reflect underlying diseases in the older population, even though we selected relatively healthy individuals as determined by immunological data, medication use and disease reports. It is possible that some diseases were present at sub-threshold level and the higher prevalence of autoimmune disease in women, especially after age 50, is well established [39] .
Variables
Nongenetic causes of variance in NLR and PLR included the effect of weather conditions. For both ratios, average levels were higher in colder months, indicating seasonal influences on immune parameters. This is consistent with previous work, which found higher levels of inflammation during the winter in European countries [40] and in line with previous studies on seasonal effects on cell counts in humans [14] [15] [16] [17] . One likely explanation for the higher levels during the winter is that there is a higher prevalence of viral infections during the cold season [18] , though many other factors are likely involved in the seasonal effects on immune response and further study is needed [40] . Women may be more sensitive to the seasonal changes, as an effect of temperature was mainly visible in women.
Lifestyle factors were related to individual differences in the two ratios. In women, a higher BMI was related to higher NLR and PLR levels and there was also evidence for significant age × BMI interactions for both ratios. In men, NLR was not influenced by BMI but there was a significant age × BMI interaction for PLR. The interactions with age were due to the fact that the influence of BMI became less strong at an older age. Our data suggested there may even be a reduction in the ratios at old age, and studies including more participants in the old-age range are needed to confirm this. A positive association between BMI and NLR has been found before [8, 9] and obesity is often considered to be associated with a chronic state of inflammation [41] . Dietary habits may also influence both platelet and leukocyte counts [42] . The greater influence of BMI at younger ages points to the importance of weight control in early life.
Smoking increased both neutrophil and lymphocyte count, but whereas we observed decreased PLR levels in men and women who smoked, there was no effect of smoking on NLR. Tulgar et al. [23] found no effect of smoking on PLR or its subcomponents, but this may be due to a small sample size, as the descriptive data do suggest a lower average PLR in smokers compared with nonsmokers. This study also reported NLR to be increased in smokers, as did a larger study [8] . The mechanisms underlying the association of NLR and PLR with disease are not fully understood. Increases in NLR and PLR may be indicative of a decreased ability to detect and destroy infected cells, and of increased tumor-promoting activities. A higher NLR indicates a shift in the balance between neutrophil and lymphocytes, which in our sample was due to both a decrease in lymphocyte count and an increase in neutrophil count. Lower lymphocyte counts are associated with poorer survival in different types of cancer [43, 44] , while high lymphocyte counts are related to better responses to cytotoxic treatment and to better prognosis in cancer patients [45] . Neutrophils have also been reported to secrete tumor growth promoting factors, including vascular endothelial growth factor, Causes of variation in the NLR and PLR Research Article hepatocyte growth factor, multiple interleukins and matrix metallo proteinases, and may thus contribute to a tumor stimulating microenvironment [46, 47] . A high BMI seems to be related to an increased imbalance between lymphocytes and neutrophils, resulting in an increased NLR, especially in women. With respect to PLR, overall, higher PLR in our study was related to lower lympho cyte and higher platelet numbers. Platelets play an important role in angiogenesis, thrombosis and hemostasis and increased platelet numbers have been implicated in the development of cardiovascular disease [48] and cancer progression [49] . Further study of the relationship of the two ratios with smoking and BMI in a longitudinal sample, with attention to sex differences and interactions, may provide important information about the way lifestyle influences our health.
Several studies have suggested that NLR and PLR may also be used as indicators of inflammation and provide a cheap and easily-obtainable alternative to the currently used CRP and cytokines, such as IL6 [50] . However, the low correlations we observed between the ratios and these two inflammatory markers argue against this. Correlations may have been low because of exclusion criteria in our study, which included high CRP levels. Upon exploring the correlations in the total sample, the correlations for NLR with CRP and IL6 were not much higher (0.214 and 0.121, respectively) while PLR remained unrelated to CRP and IL6. Our results agree with those of Oh et al. [51] , in that NLR and PLR are no replacements for CRP and IL6 but should be used in addition to each other.
The correlation between NLR and PLR in our healthy population was moderate (r = 0.49). The presented differences in heritability, in the effects of lifestyle and in the association with IL6 and CRP, indicate that the mechanisms underlying individual differences in the two ratios are not the same for NLR and PLR. This is in line with studies showing that the two ratios do not predict disease progress to the same extent [52] and may act as independent disease predictors [53] .
The combination of demographic and seasonal factors, smoking and BMI explained around 6% of the variation in NLR and PLR. This is substantially smaller than the part of the variance explained by genetic factors; 36% in NLR and 64% in PLR. Thus, it is of importance to realize that variation in NLR and PLR to a large extent can represent genetic variation, and that high levels in these ratios also may occur independent of disease status. While a further search for additional environmental factors influencing variation in these immune parameters is warranted, more insight into the genes and genetic mechanisms underlying the high heritability is needed and gene finding stud-ies form an important next step in characterizing the DNA polymorphisms causing variation in NLR and PLR.
In conclusion, variation in basal NLR and PLR in a general population sample is influenced by the genome, by age and sex, by lifestyle factors and by environmental factors, such as seasonal weather conditions.
Conclusion
This first study on the heritability of NLR and PLR showed that genetic factors influence variation in NLR, and to an even larger extent, in PLR. To provide more insight into the genetic variation in NLR and PLR, gene finding studies are needed. Nongenetic factors are more relevant to NLR than to PLR and while sex, age, seasonal conditions and lifestyle play a role, these factors explain only a small part of the variation. For NLR in particular, studies are warranted to identify additional environmental influences. No writing assistance was utilized in the production of this manuscript.
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Executive summary
Background • Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are biomarkers for disease development, but there is variation among individuals that is not attributable to disease status, and which may reflect genetic variation in NLR and PLR. • We examined to what degree variation in NLR and PLR can be explained by genetic (heritability) and nongenetic factors. • We also characterized some of the nongenetic factors by examining the association of NLR and PLR with gender, demographic, lifestyle and environmental factors.
Methods
• After applying outlier and disease-related exclusion criteria, data on NLR and PLR were available for 8108 twins and their family members. • Twin-family data were analyzed by genetic structural equation modeling to estimate the heritability of PLR and NLR. • Associations of NLR and PLR with age, smoking behavior, BMI and seasonal conditions were tested using linear regression.
Results
• Broad-sense heritability was estimated at 36% for NLR and 64% for PLR, with nonadditive genetic effects evident for PLR. • The correlation between NLR and PLR was 0.49; p < 0.001. NLR, but not PLR, correlated significantly with CRP (0.15; p < 0.001) and with IL6 (0.08; p < 0.001). • Men had higher mean NLR levels than women and lower PLR levels than women.
• PLR, and to a lesser extent NLR, increased significantly with age. • Seasonal differences were sex-specific: in colder months average NLR and PLR were higher in women, but not in men. • Smoking was not significantly associated with NLR, but was associated with a decrease in PLR in both men and women. • A high BMI was related to higher levels of NLR and PLR in women, though the association was less strong at higher ages. In men the BMI effect was only evident for PLR and age-related.
Discussion
• PLR, and to a lesser extent, NLR are heritable traits.
• NLR and PLR are influenced by age, sex, seasonal conditions and lifestyle factors.
• The effects of seasonal factors and lifestyle factors may be age-and sex-dependent.
• The mechanisms underlying individual differences in NLR and PLR are not the same.
• More studies are needed to increase our knowledge about environmental influences on NLR and PLR.
• This work leads to the next steps of finding the genes involved in variance in NLR and PLR.
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• A good start for those interested in genetic influences on cell counts.
